TRANSLATION 

Description 

This invention involves a biotechnological method for preparing optically active 
compounds of the general formulas 

O 

starting with a lactam of the general formula 




JIJ 



Formula I compounds, such as, for example, (lR,4S)-2-acetyl-2-a2abicyclo[2.2.1]hept-5- 
ene-3-one are important intermediates for preparing (lR,4S)-l-amino-4-(hydroxymethyl)-2- 
cyclopentene, which, in turn, is an important intermediate for preparing carbocyclic nucleosides, 
such as, for example, Carbovir (Campbell et al. J. Org. Chem. 1995, 60, 4602-46 16)yFormula II 
compounds, such as, for example, the propyl ester of (lS,4R)-acetylamino-2-cyclopentene-l- 
carboxylic acid, are an important intermediate for preparing (lS,4R)-l-amino-4-(hydroxymethyl) 
-2-cyclopentene, which similarly can be an important intermediate for preparing carbocyclic 
nucleosides. 

Only the chemical preparation of (lR,4S)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one 
by acylating (lR,4S)-2-azabicyclo[2.2.1]hept-5-ene-3-one (Katagiri et al.. Tetrahedron Letters, 
1997, 38, 1961) is known. According to this method, (lR,4S)-2-acetyl-2-azabicyclo[2.2.1]hept- 
5-ene-3-one can be obtained only from the corresponding (lR,4S)-2-azabicyclo[2.2.1]hept-5- 
ene-3-one as an educt. This educt is too expensive. 

The problem involved in this invention was to develop a method for preparing 
compounds of general formula I and II, which can be prepared from easily obtainable, 
inexpensive starting material with good enantiomer purity. 

This problem is solved with the new biotechnological method according to Claim 1. 

The invention's method for preparing compounds of the general formulas 

O 



wherein R' is acyl or acyloxy and is a hydrogen atom or C,.,o alkyl, takes place by means of a 
hydrolase m the presence of a nucleophile and in the presence of a base in a constant pH range 
starting with a racemic lactam of the formula 



ilj 



The starting material, the lactam of the general formula III (substrate), can be prepared, 
for example, according to Taylor et al. (Tet. Asymmetry. 4, 1993, II 17). 

C,.,o alkyl is linear or branched and substituted or unsubstituted. Examples of C, ,o alkyl 
are methyl, ethyl, propyl, butyl, isobutyl. t-butyl. isopropyl, pentyl, hexyl, heptyl, octyl, nonyl or 
decyl and its isomers, as well as chloromethyl, bromomethyl, dichloromethyl, dibromomethyl 
chloropropyl and bromobutyl. ' 

Acyl means alkanoyl or arylcarbonyl. Alkanoyl is suitably Cm alkanoyl, which can be 
substituted or unsubstituted. Substituted Cm alkanoyl in the following is understood to be 
substituted with one or more halogen atoms. Examples of Cm alkanoyl are acetyl, propionyl 
butyiyl, chloroacetyl, bromoacetyl and dichloroacetyl. Arylcarbonyl is suitably benzylcarbonyl 
or phenylcarbonyl, substituted or unsubstituted. 

Acyloxy means alkoxycarbonyl or aiyloxycarbonyl. Alkoxycarbonyl is suitably Cm 
alkoxycarbonyl, such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl or 
t-butoxycarbony] (BOC). Ary^loxycarbonyl is suitably benzyloxycarbonyl or phenyloxycarbonyl 

R IS preferably Cm alkanoyl or Cm alkoxycarbonyl, in particular acetyl or 
ethoxycarbonyl . 

Hydrolases that can be used are proteases or lipases, preferably proteases, such as 
sermproteases. Examples of serinproteases that can be used are chymotrypsins, trypsins and 
subtilisins (bacterial serinproteases). Subtilisins that can be used are commercial subtilisins such 
as subtihsin A. subtilisin B, alcalases, ALK enzymes, bacillopeptidase A, bacillopeptidase B 
bioprases, colistmases, esperases, genenase I, kazusase, maxacal, maxatases, nagarses 
peptidases, protease S, protease VIII, protease XXVII, proteinases, such as the alkaline 
proteinase of Bacillus subtilis or Aspergillus oiyzae, proteinase K from Tritirachium albumin 
savinases, subtilopeptidasen, superases, and thermoases. Conducting the biotransformation by 
means of savinases is preferred. Suitable savinases are savinase 12 Type W™ savinase 16 OL 
Type EX , savinase 32.0L Type EX^^, savinase 4.0T Type W™, and savinase 8.0L™ The 
lipase that can be used is, for example, lipase from Candida antarctica. 

If the hydrolases used are proteases, such as savinases, proteases from Bacillus subtilis 
proteases from Aspergillus oryzae, proteinase K from Tritirachium albumin, the (1 S 4R) 
enantiomer in the racemic lactam of formula III is hydrolyzed suitably into the corresponding 
compound of general formula II, whereby the (IR,4S) enantiomer of general formula I is 



obtained. If the hydrolases used are lipases, such as lipase from Candida antarctica, the (1R,4S) 
enantiomer in the racemic lactam of formula III is hydrolyzed into the corresponding compound 
of general formula II, whereby the (1S,4R) enantiomer of general formula I is obtained. 

Hydroxide ions, water or d.io alcohols can be used as the nucleophile. Suitable Cmo 
alcohols are methanol, ethanol, propanol, isopropanol, butanol, t-butanol, isobutanol, pentanol, 
hexanol, heptanol, octanol, nonanol or decanol. If the nucleophile used is a Cmo alcohol, the 
corresponding ester of general formula II (R^ = C,.,oalkyl) is formed, as the expert knows. If 
water is used as the nucleophile, obviously, the corresponding acid of general formula II (R^ = 
H) is formed. 

Depending on the hydrolase and the substrate (formula III lactam), the biotransformation 
is conducted suitably between pH 5 and 12, preferably between pH 6 and 8. In the invention, for 
a given hydrolase and a given substrate, the pH value is maintained constant in the presence of a 
base. ThepH value is suitably maintained constant at +/- 0.5 pH units by addition of a base. If, 
for example, the substrate is racemic 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one (R' = acetyl) 
and savinase is used as the hydrolase, the pH value is held constant at preferably between pH 7.0 
and pH 7.5. 

An inorganic or organic base can be used as the base. For example, KOH and NaOH are 
suitable as inorganic bases. A suitable organic base can be, for example, triethanolamine 
dissolved in an organic solvent. If one of the aforesaid alcohols is used as the nucleophile, the 
corresponding alcbholate can serve as the base. 

The conversion temperature can be in the range of 10 to 60° C, preferably 15 to 40° C. 
The biotransformation is suitably conducted in water, a buffer solution, a Ci.io alcohol or 
in a mixture of these with an aprotic organic solvent. Suitable aprotic organic solvents are, for 
example, ether and aromatic hydrocarbons. Tetrahydroftiran, dioxane or t-methylbutyl ether can 
be used as the ether. Toluene and benzene are suitable aromatic hydrocarbons. The buffer 
solutions used can be, for example, low molarity, such as 10 - 100 mM sodium or potassium 
phosphate buffer, hepes buffer. The C,.io alcohols used can be those previously described. 

The biotransformation can also be conducted so that the lactam of general formula III 
serves as solvent. Then the biotransformation is suitably conducted in the presence of half of the 
stoichiometric quantities of water or the corresponding alcohol. 

Depending on the solvent, the biotransformation can be conducted in a two-phase or one- 
phase system. The biotransformation is advisedly conducted in a one-phase system. 

After a usual conversion time of a few hours depending on the selected starting material, 
the desired optically active compounds of general formulas I and II are obtained in outstanding ' 
yields and enantiomer purity. The preferred starting materials are racemic 2-acetyl-2-azabicyclo- 
[2.2.1]hept-5-ene-3-one (R' = acetyl) and racemic 2-ethoxycarbonyl-2-azabicyclo[2.2.1]hept-5- 
ene-3-one. The preferred products of the compounds of general formula I are (lR,4S)-2-acetyl-2- 
azabicyclo[2.2.1]hept-5-ene-3-one (R' = acetyl) and (lR,4S)-2-ethoxy-carbonyl-2-azabicyclo- 
[2.2.1]hept-5-ene-3-one (R' = ethoxycarbonyl). The preferred compounds of general formula n 
are (lS,4R)-l-acetylamino-2-cyclopentene-4-carboxylic acid (R' = acetyl, R^ = H), (1S,4R)-1- 



ethoxycarbonyl-2-cyclopentene-4-carboxyIic acid (R' = ethoxycarbonyl, = H), (1S,4R)-1- 
acetylamino-2-cyclopentene-4-carboxylic acid methyl ester (R' = acetylj R^ = CH3), (I S,4R)-1- 
acetyIamino-2-cyclopentene-4-carboxylic acid butyl ester (R' = acetyl, R^ = C4H9), (1S,4'r) 
acetylamino-2-cycIopentene-4-carboxylic acid ethyl ester (R' = acetyl, R^ = C2H5 and ('lS,4R)-l- 
acetylamino-2-cyclopentene-4-carboxylic acid propyl ester (R' = acetyl, R^ = C3H7). The 
(lS,4R)-acetyIamino-2-cyclopentene-l-carboxylic acid C2.10 alkyl esters, except the (IS,4R)- 
acetylamino-2-cyclopentene-l-carboxylic acid ethyl ester, preferably the (lS,4R>acetylamino-2- 
cyclopentene-4-carboxylic acid ethyl ester and the (lS,4R>acetylamino-2-cyclopentene-4- 
carboxylic acid propyl ester of general formula II are not described in the literature and 
consequently are similarly part of the invention. 

Another part of the invention is the subsequent reaction, the reduction of compounds of 
general formula I to an optically active l-amino-4-(hydroxymethyl)-2-cyclopentene derivative, 
in particular to a (lR,4S)-l-amino-4-(hydroxymethyl)-2-cyclopentene derivative of the general 
formula 

HO A* *f IV 

wherein R' is as already named. 

The reduction is suitably conducted with binary or complex metal hydrides of the boron 
or aluminum.group, such as alkali metal borohydrides, alkaline earth metal borohydrides. alkali 
metal aluminum hydrides, alkaline earth metal aluminum hydrides. 

The binary alkali metal borohydrides or alkaline earth metal borohydrides used can be 
NaBH4, LiBH4, KBH4, NaAlH4, LiAlH4, KAIH4, Mg(BH4)2, Ca(BH4)2, Mg(AlH4)2, Ca(AlH4)2. 
Complex metal hydrides of the boron or aluminum group can have the general formula 
M M HnLm, wherein n is a whole number from 1 to 4, m is a whole number from 4 to 4 minus 
the corresponding number n, M' is an alkali metal atom, is boron or aluminum, and L is Cm 
alkyl. Cm alkenyl. Cm alkoxy, CN or an amine, or the complex metal hydrides can have the 
general formula M^HoLp, wherein is as already named, O is a whole number from 0 to 3, and 
p is a whole number from 3 to 3 minus the corresponding number p. The M'M^HnLn, used can be 
LiBH(C2H5)3, LiBHx(OCH3)4.i, wherein x is a whole number from 1 to 3, LiAlH(OC(CH3)3)3, 
NaAlH2(OC2H40CH3)2, NaAlH2(C2H5)2 or NaBHaCN. The reduction is conducted preferably 
with a metal borohydride, such as sodium borohydride. 

The metal hydrides are used suitably in a molar ratio of 0.5 to 1 per mole of compound of 
general formula I. 

The reduction is conducted suitably under an inert gas atmosphere, such as, for example, 
under an argon or nitrogen atmosphere. 

The reduction can be conducted at a temperanare of -10 to 30° C, preferably 0 to 10° C. 

Secondary or tertiary alcohols are suitable as solvents for the reduction. 2-Butanol can be 
used, for example, as the secondary alcohol, and t-amyl alcohol, for example, as the tertiary 
alcohol. A secondary alcohol is preferred. 



The subsequent conversion, the hydrolysis of the optically active l-amino-4- 
(hydroxymethyl)-2-cyclopentene derivatives of formula IV to the corresponding optically active 
l-amino-4-(hydroxymethyl)-2-cyclopentenes or their salts of the formula 




V 



with an alkaline earth metal hydroxide, alkali metal hydroxide or with a mineral acid is similarly 
part of the invention. In particular, the (lR,4S)-l-amino-4-(hydroxymethyl)-2-cyclopentene 
derivative is hydrolyzed to (lR,4S)-l-amino-4-(hydroxymethyl)-2-cyclopentene. 

Lithium, sodium or potassium hydroxide is suitable as the alkali metal hydroxide. Barium 
hydroxide, for example, can be used as the alkaline earth metal hydroxide. The hydrohalide acids 
such as, for example, hydrochloric acid or hydrobromic acid are suitable as the mineral acids. 

The hydrolysis is suitably conducted at a temperature of 50 to 120° C, preferably 90 to 

100° C. 

Suitable salts of the (lR,4S)-l-amino-4-(hydroxymethyl)-2-cyclopentene (formula V) are 
its hydrohalide salts, such as hydrochlorides or hydrobromides. 

Examples 



Example 1 

Preparation of (lR,4S)-l-amino-4-(hydroxymethyl)-2-cycIopentene from 
racemic(±)-2-acetyI-2-a2abicyclo[2.2.1]hept-5-ene-3-one 

1.1 Preparation of (lR,4S)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one 

1.1.1 By savinase in a mixture of sodium phosphate buffer and tetrahydrofuran 

5 ml tetrahydrofuran were mixed with 3.84 ml 20 mM sodium phosphate buffer 
pH 7 and 1.16 ml savinase 16.0 L type EX, Novo Nordisk (16 KNPU/g, kilo novo protease 
units). 417 ^1 (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one<330 mmoIes/1) were added. 
The reaction was mixed with a magnetic stirrer and maintained at 30° C by a water bath. The pH 
value was maintained constant at pH 7 by a pH automatic control system with 1 M NaOH. 
Samples were taken periodically and analyzed by HPLC for content and enantiomer excess 
(Chiralpak AD, Daicel Chemical Ltd.(0.46 x 25 cm) isocratically at room temperature, flow 1 
ml/min with n-heptane (ethanol 2%, detection at 215 nm)). A total of 1.25 ml NaOH were used. 
After 120 minutes, 50% of the quantity of (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one 
used was hydrolyzed to the corresponding acid. The content was determined with achiral GC. 
The analysis was conducted with gas chromatography as follows: capillary column: HP - 5 (5% 




phenylmethylsiloxane), temperature gradient 100° C - 260 ° C; the samples were diluted i: 
tetrahydrofiiran 1:1 for the analysis. 



1.1.2 In Water 



1.1.2.1 60 ml H2O and 35 ml savinase were added to 419.25 ml (+/-)-2-acetyl-2- 
azabicyclo[2.2.1]hept-5-ene-3-one as in example 1 .1 .1 . The pH value was maintained at 7.5 with 
7.5N NaOH. The 1 1 Applikon fermenter was stirred at 400 rpm. Samples were taken 
periodically and analyzed as in Example 1.1.1. An ee [errors excepted] value of 99% was 
measured after 45 hours. 

The charge was filtered by suction through a Whatman GF/F filter, and the filter 
cake was washed twice with 100 ml and once with 50 ml butyl acetate. The aqueous phase was 
shaken twice with 200 ml butyl acetate. The organic phase was concentrated in a Rotovap. 144.8 
g of product were obtained with an ee value of >98%, which corresponded to a yield of 31% 
relative to the racemate. The analysis was conducted as in Example 1.1.1. 

1.1.2.2 60 ml H2O and 35 ml savinase were added to 486.3 g (+/-)-2-acetyl-2- 
azabicyclo[2.2.1]hept-5-ene-3-one (content: 95.4%) as in Example 1.1.1. The pH value was 
maintained at 7.5 with 7.5N NaOH. The 1 1 Applikon fermenter was stirred at 400 rpm. Samples 
were taken periodically and analyzed as in Example 1.1.1. An ee value of >98% was measured 
after 45 hours. A total of 1 74.6 ml 7.5N NaOH were used. 

The charge was filtered by suction through a Whatman GF/F filter, and the filter 
cake was washed twice with 100 ml and once with 50 ml butyl acetate. The aqueous phase was 
shaken twice with 200 ml butyl acetate. The organic phase was concentrated in a Rotovap. 144.8 
g of product were obtained with an ee value of >98% (content: 92.5%), which corresponded to a 
yield of 29% relative to the racemate. The analysis was conducted as in Example 1.1.1. 

1.1.3 In Methanol 



72.3 ml (+/-)-2-acetyl-2-azabicyc]o[2.2.1]hept-5-ene-3-one (content: 95.4%) were 
mixed with 8.3 ml savinase as in Example 1.1.1 and 19.4 ml methanol. The reaction mixture was 
stirred at 30 ° C for 24 hours. The pH remained constant at 7.2. Samples were taken as in 
Example 1.1.1. After 25 hours, an ee value of >98% was reached, and the reaction was ended. 
The analytical yield was 42% relative to the racemate. The corresponding methyl ester 
(R = CH3) of the compound of general formula II, which was proven by GC-MS, was formed in 
stoichiometric quantities. The analysis was conducted as in Example 1.1.1. 



1.1.4 In Butanol 

72.3 ml (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one (content: 95.4%) were 
mixed with 76.86 ml 1 -butanol and 8.3 ml savinase as in Example 1.1.1. The reaction mixture 
was measured during a time period of 22 hours. After this time, an ee value of >98% was 
determined with HPLC. The pH value was maintained constant at pH 7.5 with 4 N NaOH. 
Samples were taken as in Example 1.1.1. The reaction temperature was 30° C. The formation of 
a free acid (R^ = H) of the compound of general formula II was proven with HPLC, and the 
formation of the butyl ester (R' = C4H9) of the compound of general formula II was proven by 
GC-MS. An analytical yield of 34.8% relative to the racemate was achieved. 

1.1.5 By Savinase in 1-Propanol 

1.1.5.1 242 g (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one, 168.6 ml 1-propanol 
and 28 ml savinase as in Example 1.1.1 were incubated at 30° C and at a pH of 7.0 (adjusted 
with 4N NaOH). Samples were taken as in Example 1.1.1. After 24 hours, the ee value of the 
product was determined at % ee = 99%. The analytical yield was 47%. 100 ml toluene were 
added to this mixture (459 ml), and the propanol was evaporated under reduced pressure. The 
solution was extracted twice with toluene (250 ml) and water (100 ml). The toluene was 
evaporated and the product distilled. 1 13.9 g (0.69 mole) of product (purity 93%, ee = 99%) 
corresponding to a yield of 45.7% relative to the racemate were obtained. The analysis was 
conducted as in Example 1.1.1. 

1.1.5.2 208 g (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one (content: 95.4%), 168.6 
ml 1-propanol and 23 ml savinase as in Example 1.1.1 were incubated at 30° C and at a pH of 
7.2 (adjusted with 4N NaOH) in an Erlenmeyer flask. After 30 hours, the ee value of the product 
was determined at % ee = >98%. 100 ml toluene were added to this mixture (459 ml), and the 
propanol was evaporated under reduced pressure. The solution was extracted twice with toluene 
(250 ml) and water (100 ml). The toluene was evaporated and the product distilled (12 mbar, 85 - 
95° C). 79.13 g (0.69 mole) of product (purity 93%, ee >98%) corresponding to a yield of 37% 
relative to the racemate were obtained. The analysis was conducted as in Example 1.1.1. 

1 .1 .5.3 2.77 kg (+/-)-2-acetyl-2-azabicyclo[2.2. 1 ]hept-5-ene-3-one (content: 95.8%), 1 .35 
1 of 1 -propanol and 355.5 ml savinase as in Example 1.1.1 were reacted at 40° C and at a pH of 
7.4 (set by the addition of 92 g 4N NaOH) in a 5 1 stirred reactor. The pH value was maintained 
constant at pH = 7.4 by the addition of 4 N NaOH. After 14 hours, the reaction mixture was 
cooled to room temperature, and the pH of the solution was adjusted to pH = 7.0 by the addition 
of 20% sulfijric acid. After the addition of 1.15 1 toluene, the phases were separated, and the 
organic phase was vacuum-distilled (product fraction at T = 72 - 76° C, p = 1 mbar). 1.07 kg of 
product (content 91%, ee = 98.4%)were obtained, corresponding to a yield of 36.5%. The 



product content was determined by GC in an Optima 5 column (Macherey-Nagel, Germany). 
The ee of the product was determined by GC on a chiral LipodexE column (Macherey-Nagel, 
Germany). 



l.J.5.4 Isolation of (lS,4R)-acet)'lamino-2-cyclopentene-l-carboxylic Acid Propyl Ester 

345 g of the still residue from Example 1.1.5.3 were mixed with 250 ml ethyl 
acetate and 1 1 hexane, and the mixture was heated to reflux. Two phases formed. The upper 
phase was separated and cooled slowly to 0° C. The precipitate was filtered off and vacuum- 
dried at 40° C. 85.6 g of a colorless product were obtained. 

The ee value was determined by GC on a chiral Hydrodex-beta-PM column 
(Macherey-Nagel, Germany), ee = 93%. 

a [illegible] c(c = 1. MeOH) = 79.3° 
'H-NMR(CDCl3) 5.91 (br, IH) 

5.89 (s, 2H) 
5.07 (m, IH) 
4.07 (t, 2H) 
3.50 (m, IH) 
2.46 (m, IH) 
1.96 (s,3H) 

1.90 (m, IH) 
1.67 (m,2H) 
0.96 (t, 3H) 

1.1.6 By Protease from Bacillus Subtilis in Phosphate Buffer 

1.1 .6.1 25 mg Bacillus subtillis protease (Fluka 82490), 0.45 ml phosphate buffer (100 
mM, pH 7.5), 0.5 ml n-propanol and 0.05 ml (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one 
were incubated at 30° C (+/- 2° C). The pH value was maintained at 7.5 by the manual addition 
of 1 N NaOH, whereby fluctuations of +/- 0.5 pH were attained. Samples were taken as in 
Example 1.1.1. After 6 hours, all of the (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
converted. 1.5 hours after incubation, the enantiomer excess for (-)-2-acetyl-2-azabicyclo[2.2.1]- 
hept-5-ene-3-one was >98%. The unisolated yield was 12% relative to the racemate. Content and 
enantiomer excess were determined as in Example 1.1.1. 

1.1.6.2 125 mg Bacillus subtillis protease (Fluka 82490), 2.25 ml phosphate buffer (100 
mM, pH 7.5), 2.5 ml n-propanol and 0.25 ml (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one 
(content: 95.4%) were incubated at 30° C (+/- 2° C). The pH value was maintained at 7.5 by the 
manual addition of 1 N NaOH, whereby fluctuations of +/- 0.5 pH were attained. Samples were 
taken as in Example 1.1.1. After 6 hours, 90% of the (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5- 



ene-3-one was converted. 1 .5 hours after incubation, the enantiomer excess for (-)-2-acetyl-2- 
azabicyclo[2.2.1]hept-5-ene-3-one was >98%. The unisolated yield was 12% relative to the 
racemate. 



1.1.7 By Protease from Aspergillus Oryzae in Phosphate Buffer 

1.1.7.1 25 mg Aspergillus oryzae (Sigma P-4032, 3.5 units/mg), 0.45 ml phosphate buffer 

(100 mM, pH 7.5), 0.5 ml n-propanol and 0.05 ml (+/-)-2-acetyI-2-azabicyclo[2.2.1]hept-5-ene- 
3-one were incubated at 30° C (+/- 2° C). The pH value was maintained at 7.5 by the manual 
addition of 1 N NaOH, whereby fluctuations of +/- 0.5 pH were attained. Samples were taken as 
in Example 1.1.1. After 0.5 hour, all of the (+)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
converted. The enantiomer excess for (-) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
>98%. The analytical yield relative to (-) 2-acetyI-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
>40% relative to the racemate. Content and enantiomer excess were determined as in Example 
1.1.1. 



1 .1 .7.2 1 25 mg Aspergillus oryzae (Sigma P-4032, 3.5 units/mg), 2.25 ml phosphate 

buffer (100 mM, pH 7.5), 2.5 ml n-propanol and 0.25 ml (+/-) 2-acetyl-2-azabicyclo[2.2.1]hept- 
5-ene-3-one (content: 95.4%) were incubated at 30° C (+/- 2° C). The pH value was maintained 
at 7.5 by the manual addition of 1 N NaOH, whereby fluctuations of +/- 0.5 pH were attained. 
Samples were taken as in Example 1.1.1. After 0.5 hour, all of the (+) 2-acetyl-2-azabicyclo- 
[2.2.1]hept-5-ene-3-one was converted. The enantiomer excess for (-) 2-acetyl-2-azabicyclo- 
[2.2.1]hept-5-ene-3-one was >98%. The analytical yield relative to (-) 2-acetyl-2-azabicyclo- 
[2.2.1]hept-5-ene-3-one was >40% relative to the racemate. 

1.1.8 By Proteinase K from Tritirachium Albumin in Phosphate Buffer 

1 .1 .8.1 25 mg proteinase K (Sigma P-8044, 1 - 7 units/mg), 0.45 ml phosphate buffer 
(100 mM, pH 7.5), 0.5 ml n-propanol and 0.05 ml (-1-/-) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene- 
3-one were incubated at 30° C (+/- 2° C). The pH value was maintained at 7.5 by the manual 
addition of 1 N NaOH, whereby fluctuations of +/- 0.5 pH were attained. Samples were taken as 
in Example 1.1.1. After 0.5 hour, all of the (+) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
converted. The enantiomer excess for (-) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
>98%. The analytical yield relative to (-) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 40% 
relative to the racemate. Content and enantiomer excess were determined as in Example 1.1.1. 

1 .1 .8.2 1 25 mg proteinase K (Sigma P-8044, 1 - 7 units/mg), 2.25 ml phosphate buffer 
(100 mM, pH 7.5), 2.5 ml n-propanol and 0.25 ml (+/-) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene- 
3-one (content: 95.4%) were incubated at 30* C (+/- 2» C). The pH value was maintained at 7.5 
by the manual addition of 1 N NaOH, whereby fluctuations of +/- 0.5 pH were attained. Samples 
were taken as in Example 1.1.1. After 0.5 hour, all of the (+) 2-acetyl-2-azabicyclo[2.2.1]hept-5- 
ene-3-one was converted. The enantiomer excess for (-) 2racetyl-2-azabicyclo[2.2.1]hept-5-ene- 



3-one was >98%. The analytical yield relative to (-) 2-acetyl-2-azabicyclo[2.2.1]- hept-5-ene-3- 
one was 30% relative to the racemate. 

1.2 Preparation of (lS,4R>2-acetyI-2-a2abicycloI2.2.1]hept-5-ene-3-one (by Lipase from 
Candida Antarctica) 

1.2.1 25 mg SP525 (Novo Nordisk), 0.45 ml phosphate buffer (100 mM, pH 7.5), 0.5 
ml n-propanol and 0.05 ml (+/-) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one we're incubated at 
30" C (+/- 2° C). The pH value was maintained at 7.5 by the manual addition of 1 N NaOH, 
whereby fluctuations of +/- 0.5 pH were attained. Samples were talcen as in Example 1.1.1. After 
0.5 hour, all of the (-) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was converted. The 
enantiomer excess for (-)(lS,4R)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was >98%. The 
analytical yield relative to (+) 2-acetyl-2-azabicyclo[2.2.]]hept-5-ene-3-one was 12% racemate. 
Content and enantiomer excess were determined as described in Example 1 . 

1 .2.2 250 mg SP525 (Novo Nordisk), 2.25 ml phosphate buffer (1 00 mM, pH 7.5), 2.5 
ml n-propanol and 2.25 ml (+/-) 2-acetyl-2-azabicyclo[2.2.I]hept-5-ene-3-one (content: 95.4%) 
were incubated at 30° C (+/- 2° C). The pH value was maintained at 7.5 by the manual addition 
of 1 N NaOH, whereby fluctuations of +/- 0.5 pH were attained. Samples were taken as in 
Example 1.1.1. After 16 hours, all of the (+/-)-2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
converted. The enantiomer excess for (+)(lS,4R)-2-acetyl-2-azabicyclo[2.2.1]- hept-5-ene-3-one 
was >98%. The analytical yield relative to (+) 2-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one was 
12% relative to the racemate. 

1.3. Reduction of (lR,4S)-2-acetyI-2-azabicycIo|2.2.1]hept-5-ene-3-one to (lR,4S)-2-Acetyl- 
l-amino-4-(hydroxymetliyl)-2-cyclopentene 

1 .3.1 8 g NaBH4 were added portionwise to a solution of (lR,4S)-2-acetyl-2-azabi- 
cyclo[2.2.1]hept-5-ene-3-one (50 g, 0.33 mole), 40 ml water and 240 ml 2-butanol, and the 
temperature was maintained below 5° C. After I hour, the reaction was stopped, and the reaction 
mixture was adjusted to pH 2.0 with concentrated HCl. The reaction temperature was maintained 
below 10° C. The pH value was adjusted to pH 9.0 with 30% NaOH. Sodium metaborate was 
filtered off and the aqueous phase was extracted three times with 2-butanol. After evaporation of 
the 2-butanol, 49.3 g of product (0.28 mole) were obtained, corresponding to a yield of 88%. 

1.3.2 287.4 g (-)-acetyl-2-azabicyclo[2.2.1]hept-5-ene-3-one (100% => -255 ml, 97%; 
1.9 moles) were dissolved in 380 ml water and 1217 ml 2-butanol. The solution was cooled to 0 
to -2° C. 45 g NaBH4 (1.188 moles, 1.25 eq.) were suspended in 304 ml fresh 2-butanol in 
another stirring device. The NaBH4 suspension was added to the solution during 1 - 2 hours. The 
reaction was exothermic, &nd the temperature was not allowed to exceed 5° C. The temperature 
had to be at 0° C before a portion was added. The reaction was followed by DC (thin-layer 



chromatography) (hexane/etroI/MeOH: 5/5/1) The reaction was allowed to continue for 1 to 2 
hours after the addition. When the conversion was complete (educt concentration had to be at 
<1.0%), the pH was adjusted to 2 with ca. 135 g concentrated hydrochloric acid. The temperature 
was maintained below 10'' C. The pH was then adjusted immediately to 9 with ca. 85 ml 30% 
sodium hydroxide solution. The precipitated salts were filtered and washed with 127 ml fresh 2- 
butanol. The filtrate and the "2-butanol wash" were combined, and the phases separated. The 
aqueous phase was extracted twice with 380 ml fresh 2-butanol each time. The 2-butanol phases 
were combined. Ca. 2450 g of a 10% solution of the product, (lR,4S)-2-acetyl-l-amino-4- 
(hydroxymethyl)-2-cyclopentene, were obtained in 2-butanol. This corresponded to ca. 250 g of 
100% product, (lR,4S)-2-acetyl-l-amino-4-(hydroxymethyl)-2-cyclopentene, corresponding to a 
yield of 85%. 

1.4 Hydrolysis of (lR,4S)-2 -Acetyl-! -amino-4-(hydroxymethyl)-2-cyclopeiitene to (1R,4S)- 
l-Amino-4-(hydroxymethyl)-2-cyclopentene 

1-4.1 30% NaOH (45 g) was added to 49.3 g (0.28 mole) (lR,4S)-2-acetyl-l-amino-4- 

(hydroxymethyl)-2-cyclopentene, and the suspension was heated to lOO*' C. After 3.5 hours, the 
solution was cooled to 0° C and then adjusted to pH = 1.0 with concentrated HCl. Water was 
evaporated and NaCl filtered off Pentanol (2 ml per g of residue) and acetone (6 ml per gram of 
residue) were added. The resulting precipitate was filtered and washed with 20 ml acetone. 37.5 
g (0.24 mole) of product were obtained as the hydrochloride salt having an ee = 99%, 
corresponding to a yield of 86%. 

1.4.2 85.4 g (-)-2-acetyl-l-amino-4-(hydroxymethyl)-2-cyclopentene 100% (0.55 mole) 

was prepared as a 10% solution in 2-butanol. It was distilled until the distillate ceased. Then 
1 10.0 g of a 30% sodium hydroxide solution (=> 33.0 g NaOH 100%; 0.825 mole, 1.5 eq.) and 
65 g water were added. The remaining 2-butanol was removed (with ca. 10 g water) by 
azeotropic distillation. The solution was heated at reflux (100 - 1 lO** C) for 4 - 5 hours. The 
reaction was followed by GC. When the conversion was complete, the reaction was cooled to 
50° C, and 154 ml 2-butanol (124.3 g) were added. The phases were separated at 50"^ C, and the 
aqueous phase was once again extracted with 154 ml 2-butanol (124.3 g) at 50"^ C (15 minutes 
stirring, phases separate). The aqueous phase (ca. 165 g) was discarded. The organic phases were 
combined, and ca. 22 g hydrogen chloride were added at 20 - 40^ C to make pH 1. Some salts 
precipitated during the acidification. These salts were filtered off at 20° C, and the filtrate was 
distilled under standard pressure until 220 ml distillate (ca. 1 80 g) were collected (boiling 
temperature ca. 91 - 92 ° C). At ca. 70° C, 176 ml acetone (139.0 g) were added. The suspension 
was stirred at reflux for 15 - 30 minutes and then cooled to -5° C. After 1 hour at this 
temperature, the suspension was filtered off by suction, and the filter cake was washed with 154 
ml acetone. 70 g of (-) of 100% product were obtained, corresponding to a yield of 85%. 



Content: 99.0% (Tit, wt %) 
NaCl:0.5to 1.0% 

Example 2 

Preparation of (lR,4S)-2-Ethoxycarbonyl-.2-a2abicycloI2.2.1]hept-5-ene-3-one 

2.1 Preparation of racemic (±)-2-Ethoxycarbonyl-2-a2abicyclo[2.2.1]hept-5-ene-3-one 

109.13 g racemic 2-ethoxycarbonyl-2-azabicyclo[2.2.1]hept-5-ene-3-one were mixed 
with 182.1 g triethylamine, 6.11 g 4-dimethylaminopyridine and 500 ml acetonitrile. The 
reaction was heated to 50^ C. Then, 195.3 g ethyl chloroformate, dissolved in 150 ml 
acetonitrile, were added portionwise. The temperature was maintained below 55'' C. After the 
reaction ended, the solution was cooled to 20"* C. The salts were filtered off and washed with 
acetonitrile. The filtrate was concentrated at 60° C and 20 mbar, and then mixed with 1500 ml 
toluene. Three extractions followed: with 250 ml water, pH 8, with 250 ml acetic acid (1%) and 
with 250 ml saturated NaCl solution. The organic phase was dried with MgS04 and concentrated 
at 80° C/20 mbar. 167.4 g of a brown oil were obtained. The content by GC was 96% (±)-2- 
ethoxycarbonyI-2-azabicyclo[2.2.J]hept-5-ene-3-one, which was purified by vacuum distillation, 
b.p.o.oi = 76.5 ° C, content (GC): 99.5%, yield: 156.6 g (88.5%). 

'H-NMR (CDCI3) 1.33 (t, 3H), 

2.19 (d,lH), 
2.38 (d, IH), 
3.43 (s, IH), 
4.26 (m, 2H). 
5.04 (s, IH), 
6.68 (m, IH), 
6.92 (m, IH). 

2.2 Preparation of (-)-2-Ethoxycarbonyl-2-azabicycIo[2.2.1]hept-5-ene-3-one 

The product was prepared as in Example 2.1, starting from (-)-2-ethoxycarbonyl- 
2-azabicyclo[2.2. 1 ]hept-5-ene-3-one. 

2.3 Preparation of (lR,4S)-2-Ethoxycarbonyl-2-a2abicyclo[2.2.1Jhept-5-ene-3-one 

500 [il savinase as in Example 1.1.1, 5 ml n-propanol, 4.5 ml (50 mM phosphate 
buffer pH 8, /tetrahydroftiran 1/1) and 250 nl (+/-) ethoxycarbonyl-2-azabicyclo[2.2.1]hept-5- 
ene-3-one were incubated at 40*> C at pH 8. The pH value was maintained at 8 by the manual 
addition of 1 N NaOH. Samples were taken as in Example 1.1.1. After 4.5 hours, an ee value of 



